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Abstract: This study investigated the effects of sous vide (SV) treatments on the quality properties of red shrimp

(Solenocera crassicornis) muscle during cooking process. The peeled shrimp and beheaded shrimp were used as the raw
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materials, which were vacuum-packed and then cooked at 70 °C for 5, 8, 10 and 12 min, respectively. The shrimp cooked at
100 °C for 2 min in the boiling water were executed as the positive control (CK). The sensory property, color, moisture
content, cooking loss, texture, protein content and its extraction yield, total sulfhydryl content, Ca**-ATPase activity of
myofibrillar proteins (MPs), and the histological structure of shrimp muscle tissues were determined in this study. The
results showed that the L" and 5" values of SV-cooked shrimp increased continuously, while " value increased first and
then decreased. The moisture content of shrimp decreased, while the opposite trend was observed for the cooing loss,
hardness, and the chewiness of muscle tissues with the prolonged cooking period. The salt-soluble proteins, total sulfhydryl
content, Ca’-ATPase activity, and the solubility of MPs decreased continuously during the cooking process. The HE
staining and SEM observations indicated that the myofibrils were gradually destroyed due to the heating treatments,
resulting in the enlarged space between the muscle fibers and the cracked myofibrils in the muscle tissues. SV cooking
treatments increased the sensory scores and moisture content of the shrimp, reduced the cooking loss, hardness, and the
chewiness properties when compared with the CK treatment. In addition, the SV cooking also retained the water-soluble
and salt-soluble proteins, total sulfhydryl content, and the Ca*"-ATPase activity, as well as decreased the insoluble protein
content in the shrimp muscle. While, the beheaded shrimp showed more complete structure and the myofibers were
arranged more closely than the peeled samples, which thus resulted in the improved texture and flavor of the shrimp
products. In conclusion, SV cooking is an advantageous treatment than the traditional boiling method, which effectively
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retains the flavor quality of shrimp muscle and provides a new idea for the cooked shrimp products.
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Fig.1 Effect of different cooking condition on the sensory
properties of S. crassicornis muscle
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Fig.2 Effect of different cooking conditions on the L" values
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Fig.3 Effect of different cooking conditions on the moisture of
S. crassicornis muscle
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Fig.4 Effect of different cooking conditions on mass loss rate
of S. crassicornis muscle
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AR AR e R R AR AR Y 3 R
7, BERTEERARE A, WA e, SRS IS 45 A
—2

FHE% 2 nJ %0, SV ZH UL IR A B R nE g b 25 2 ol
B ARSI T, AR, A a2l Ay e
LUSZEL NP I RN VAR N B Z S A YN (7 G INESR T
FEARAEAS {3 (P>0.05) 22 SB35 il sk ], UL P A
A FH(P<0.05), JEUR RS54 L LUK e B 1A

JoT g A VR B AR P A L [RIE FH 9 45 SR %), Botines-
tean 4524 FIFST R B, 7E SV N T2, LRI nELIEAE
B LA AR Co TR v i s, B DR TR] ZE R v
IR 60 °C B, WLP P &L ) BB I, 3 L
RIS RGN, SARSLIGLE R —2. T HAEZEEIIR
RIS B I s Pt A5 2 T IESK, 288 R e =
PR MR 2 UL R REE 5 R RE VP v T e R g . SV IR
I HALA SRS C R T REIEaE, nI e S —IFAE LR ET
Y BR AR IR, Wi al N IREB A 56 BE S SR
EATIC AT, LR S Pk T 3
SRR R W R € XTI TSRS RN g
ahn, st IR S EIHAYSESRAR—3. CK T Y
R ARASTHIIR, DRIK B BRI S S S AL R
e L T, FEAE A | DA NH I AT R AR, X b 2 B,
SV BT i AR A AR A | L R AR b R S
o, Y, SEVE TP R 3

K2 IR A AR HEAR LA SRS R 5 R
Table 2  Effect of different cooking conditions on the texture
properties of S. crassicornis muscle

LiNSE iy Vil T (g) i ME I ()
CK 2800£154°  0.80+0.00° 1409+180°
SV-5 1484+136° 0.65+0.08° 431+41°
L e | SV-8 1509+177°  0.58+0.05® 449455
SV-10  1787+124°  0.57+0.01° 457478
SV-12  2304+164°  0.61£0.01" 519+22°
CK 2612+227° 0.77+0.03° 1158+94°
SV-5 1410£132°  0.64+0.06° 370+33°
IR SV-8 1435£104°  0.65+0.05° 437453
SV-10 1639+72° 0.63+0.04° 455+34%
SV-12  1974£180°  0.62+0.04° 506+47°

TE: W4 R H/ING FREARIFR 22 53 2.3 (P<0.05) 5 #31).

2.6 SV MLt E TR R H BLA R RIS

WL FE P R EF 2 3 P e A AR A S LA i
Y AR . BTAE O TR, R
— B A AR SC AU BIE LA S LT 35 P45, g 7kt
BT e S RS IR AL 8 48, 5 LR
HEE 60% LA F, BEhEEMEE E !, B3R 3 7T
Hil, CK ZHHLA Fr oK SR s . SR PSR (SRR
FEAFR SRR EICT SV 41(P<0.05). SV 4 1Ess
AR it 2 et A 2B, LR oK R SR P T L R
PR P SRR R S B AL RS 1T SV M
LA AR ER AR & B e BT R R,
SV W SR LH LA o AN AR B e T
P, MR, ATRERE CK 4HAPEH R bl Bk
VR S U LR LA 4 P 52 Sl 46 Wit | LI
KA, SEGH R AR RS FKE R T, &Rk
PR H S RLEE AR SR SR R . T SV AbER
FH TR A4 I AR e R B R vk 2 SRR P J P AR
PEPS, A5 B 4EFR 0 P LA 42844, E B in A s ]
FER:, LA SZ 3R AT T, 28 P iR 18 A8 T,
UEBH SV AMHRAT RGHE T T RS 5 ST
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Table 3  Effect of different cooking conditions on the protein contents of S. crassicornis muscle
B S KEEARER AKFEORRICE  BEEAREGE  REEERICE NARORSE AEORESE
(mg/g) (%) (mg/g) (%) (mg/g) (mg/g)
CK 34.56+0.96° 43.06+1.20° 8.67+0.54* 6.52+0.40" 162.76+2.98" 206.00+2.57°
SV-5 52.40+1.92¢ 65.28+2.41° 11.4620.54° 8.62+0.40° 158.70+2.73% 222.55+0.49¢
LIy ez SV-8 47.38+1.93° 59.03+2.41° 10.84+1.07™ 8.16+0.8" 162.93+5.21° 221.15+2.57%
SV-10 47.94+0.96° 59.73+1.20° 10.5320.54" 7.92+0.40" 160.44+2 47 218.91+1.68°
SV-12 47.39+0.96° 59.03+1.20° 9.91+0.54 7.46+0.40® 155.44+0.53° 212.73+0.97°
CK 32.89+0.97° 40.97+1.21° 10.84+0.54" 8.16+0.40° 162.83+3.83" 206.56+2.57°
SV-5 57.42+0.96° 71.53+1.20° 13.94+0.93¢ 10.49+0.70° 153.17+1.46" 224.52+1.94°
g ) SV-8 57.42+2.55¢ 71.53+3.18¢ 13.78+0.27° 10.37+0.20° 153.32+4.36° 224.5242.57°
SV-10 52.94+0.96° 65.98+1.20° 13.16+0.27% 9.91£0.20" 155.60+2.65" 221.71+3.51%
SV-12 50.17+1.67° 62.50+2.09° 12.08+0.93° 9.09+0.70° 157.78+4.21% 220.03+1.94°

WLET 4 35 P B ECR AT LS e ) i 9 SRR
MHAL T 10% B, PSS BEVEIRE Y, CK R
HALA P LS ET4E8R 1 &7 i A 8.67 mg/g, HEHCR Ny
6.52%; CK 47 7e MR 2H LA P LI £F 4 25 (1 &% 5
10.84 mg/g, $EHCR N 8.16%, FHIKTAI %I, CK 2H LA
o st e, SV HEFAEIFY 5~12 min i FR
SV UM ZH LA P LR £F 4 35 P BRI 8.62% [
% 7.46%, 1 SV HWrFE LA HH U T 4R 2 P HRBCR
M 10.49% [& = 9.09%. FHULFRBH, SV IR ZH LA
TEJNF 5 min B E 58 4@k, 1 SV A7 T2 R ZH AL
TE 5~8 min frEid AR 5E 2@k, 2] T 10 min A58 4>
Bk, [FAF, SV IR LT 4R BCR B2 & T CK
ZH(P<0.05) ., #4307 3 Al AN, Zhlid R rhar 52
LH LA P oK P EE P SR AN SRR 2R & R R R Y
N 2], FRIAERSEAE N Tad R rhbmgs T
5, b TR A TARE . RSN, IUREF4EE (A ELALE
TS KA iR A, nTRESH A B A4 5L
JeZS IS5 RGAR U0, RS2 30E, WURET 4k A ER
B e BRI S 2202 BRI B, X ST 18
WFFE RE I A XTUIRRIN TR A R IR 25 2R —3 .
(B AT DL, CKZH 3 A 45 J i 1] Py 2R 1 5 AR ™ R
SV ZHARFENNHR 12 min J5 45256 R BCR I & T
CK ZH(P<0.05) . FERKBIHEIAYINT. R, SV INFEE AR
AE A% T 492 il B P 0 A AR PR R, NI AR B ER A
9D
2.7 SV MIxEEMITRFEERENESE
N Ca*"-ATPase SEMERISZMN

FRIEAE K= i 2R 5 D) BB 35 A v R ELE
XL AR 1 B g A feoe B s Ese A E . e
TR, i A AT B s, S B st
TE— R B b W T AR T AR R AR BE RO,
& 5A 7T LLE Y, CK SR 2 U LT 456 1 A s &
4 23.0140.75 nmol/mg, fINF CK #H75EHRZH 24.54+
0.68 nmol/mg, H. CK ZHJUS£F4EAR [ A it 5 2%
F SV 4. X HUFRIAZIRGE A G, 7E CK R EE:
T, MR AR PSP AR T, S TA] Y SR  RE
FA . SV MR 2H LT 4 2 P 30 3 & B e 25

BT RIIEG, 2OPER R REfat . SV AaFFel UL
2k A ER AL B i AR 5 min 5 N RE N, 7E
8 min B HIRMATERE . Bl & il B[R] AE 4, dR PR
YRR IR TSRS IO S i . SUBE T IR, K
HEET RETT, A NI A B LR 2R ok, B S IbIE Ak
AR, (AR RS AL I s T R R AR AT FET
FERL UL YRR B E MR & B, 7E 60 C LA I
Jink, E A L PR v R 3 o e A I TR B R
LS el | [Wes B s s e S e = S v i Ea Y 4 £ DT
ELEZTEA M, WM Pu IR EE R 60 °C FTgaHa]
TG, SV MR WUFRLF 48 FAE S min BT 4584
ARPE . WREREESERY S R B, in#ad R, AR A
WSS 4R AARESE a5, Sk e TiReE, 54K
SIS ISR —E

WLEREE 1 2 A ATP 7% £, Ca®'-ATPase 2 %2
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Fig.5 Effect of different cooking conditions on the total
sulfhydryl content (A) and Ca*"-ATPase activity (B) of S.
crassicornis myofibrillar proteins
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B FWLER EE (1 SLEERIE ATP 45 & IX, K1l Ca?'-
ATPase I P 7] LI BLER &5 153 T2 8. B
&l 5B AJ 1, CK 2H Ca®>-ATPase LS5 HF{=2H SV-
8. SV-10, SV-12 FIAFFEHRL SV-10. SV-12 JCi &
PE22 5 (P>0.05), AT G5 WLERER (1 58 A8 PEAT G .
Ogawa S5 W5 i £ LA 2R VR B, &k Bl fa e
TEZEH] 1 min B, Ca®>-ATPase [ iF JJ FCiE BE T [,
LERER TS PSR O 58 IR, 7E25H 2 min S5
THRGE. SV UM ZHIRAE Y 5~8 min iFF2H, Ca®'-
ATPase iGN 0.061 U/mg FI%Z 0.047 U/mg, 8 min
JE TEPEIC 3 A8k (P>0.05), T SV HFFEHF2H Ca®t-
ATPase 7iMEEFEE T, BT IFRAZ#SE
P A M 5 e A el 2, ILER 2B (1 Sk 3 5 Ca™'-
ATPase BiiG /143 5CH) SH, A1 SH, JEAE 2R E, S
X Ca®"-ATPase [iff i [ ¥, Kittiphattanabawon
SR B AdLAE Y, AR B T B SR B YR RRETEAT
WAEREE Ca*'-ATPase IGPEMIAHT FFE, KU SH AL
NS Ca?'-ATPase 1 P2 (6] BAG — & AR
Kk, HE SA BEiFE S EAR LA HAAER]
28 SVINIMHEEFIIANRFEEERTEEN
A

LT A 25 P A B & PP LR o B 22 1 b
M EEAR SE A A 5K Z A EAE
FHIOEES, 2R BE | B0 3 RNy o 55 2 Fh R 3R 1
seun ., B 6 A, CK 4HiE M )E W8T SV 4
(P<0.05), AIRETEARFNILZS 2614, WA R ATFL 54
Ak, BEGR T SEA AR SV HNUR LT YRR A
i B IR ] SR R, 3 5 RS S ke A
FAHAE] . FEInFGT R, TSR LA L A S Ak, L
BREE 1 57K ZRIWE R 108N, i U LT 4 s i
JERRERY, SRR AR Lt UM AR T AR
HR P AR EE Z IBRER AW T, Sk oe 22288, BE
PR a] Y HE G, AT B A, A 2R LEREE 1,

&l 7 HE Qetaiigzpig
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T AFEaR
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Fig.6 Effect of different cooking conditions on the solubility of
S. crassicornis myofibrillar proteins
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Fig.7 Histological structure of S. crassicornis muscle tissues analysed by HE staining (Magnificence: 500x; section: crosscut)
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N x1.0k 100 pm N

A5, CK UM 2H (F 8B) 5 CK #Hy sl 4H (& 8C)
HH b, CK MR 21 UBRAERITIL Y B a6 ™ 2, 45 LR
PR AR LT AW 45800 W SR 38 22, SRR L, gl
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Fig.8 Scanning electron microscopic (SEM) images of S. crassicornis muscle tissues (Magnificence: 1000x%; section: slitting)
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